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(54) STRESS MEASURING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure a stress of 
microstructure with high spatial resolution. 
SOLUTION: This device is provided with an irradiating 
means 1 for irradiating a sample 2 with light, a 
modulating means 6 for modulating at least an emergy 
state of the means 1 on the sample 2, and a processing 
means 3 for finding a stress value based on a reflected 
light intensity pattern. An irradiated point P of the 
sample 2 is irradiated with light from the irradiating 
means 1. the modulating means 6 modulates the energy 
state of the point P. the processing means 3 detects 
reflected light reflected in the point P by a detector 4, 
and the stress value is computed in an operation unit 5 c\ 
based on the detected reflected light intensity pattern. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The stress measuring device which equips a sample with an exposure means to 
irradiate light, and a processing means to calculate a stress value from a reflected light pattern 
on the strength. 

[Claim 2] The stress measuring device which equips a sample with an exposure means to 
irradiate light, a modulation means on a sample to modulate the energy state of the exposure 
section at least, and a processing means to calculate a stress value from a reflected light 
pattern on the strength. 

[Claim 3] They are claim 1 which an exposure means irradiates the exposure light containing the 
wavelength from which at least two plurality differs, and said processing means asks for a stress 
value based on the wavelength difference and the reflected light difference on the strength 
between wavelength, or a stress measuring device given in two. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a stress measuring device, especially this invention is suitable for 
device inspection of a semi-conductor process, and relates to the stress measuring device 
which measures membrane stress. 
[0002] 

[Description of the Prior ArtJ In device manufacture of a semi-conductor process, stress may 
occur in the thin film formed by membrane formation. The stress generated in this thin film not 
only affects the property of the thin film itself, but it also makes the perimeter part of thin films, 
such as a silicon substrate, generate stress, and efFect may attain to the whole device. 
[0003] In a semiconductor device, there are edge parts of LOCOS structure or trench structure 
as structure which needs stress measurement, for example. Since this edge part is structure 
which stress concentration tends to generate, the efFect based on stress tends to generate it. 
This stress tends to increase and will pose a problem further from now on as detailedHzation 
progresses. 

[0004] Generally, X diffraction measurement, configuration measurement, the Raman 
measurement, etc. are known as an approach of measuring the stress in microstructure. In order 
to measure the stress especially generated in the minute section of a semiconductor device, 
micro Raman with comparatively high spatial resolving power is used in many cases. 
[0005] 

[Problem(s) to be Solved by the Invention] However, with detailed-izing of a semiconductor 
device, by the conventional approach, evaluation of an actual device is becoming difficult and the 
stress measuring device with more high spatial resolving power is called for. Then, this invention 
aims at offering the stress measuring device which can measure the stress of microstructure 
with high spatial resolving power. 
[0006] 

[Means for Solving the Problem] the characteristic spectrum with which the reflected light 
obtained by samples, such as a thin film, by irradiating light reflects the electronic state of a 
sample in the wavelength region — it has the pattern. The applicant of this invention checked 
that this pattern change shifted according to the stress in the irradiating point of a sample. This 
invention measures the stress of a sample by detecting pattern change shifted with this stress. 
[0007] The 1st mode of the stress measuring device of this invention is taken as the 
configuration which equips a sample with an exposure means to irradiate light, and a processing 
means to calculate a stress value from a reflected light pattern on the strength. Drayyjng_1 is a 
schematic diagram for explaining the 1st gestalt of the stress measuring device of this invention. 
In drawing 1 , a stress measuring device irradiates light from the exposure means 1 at the 
irradiating point P of a sample 2, and the processing means 3 calculates a stress value based on 
the reflectivity pattern which detected the reflected light reflected at this irradiating point P with 
the detector 4, and was detected in the arithmetic unit 5. 

[0008] An exposure means is a means to irradiate light at the point of measurement on a sample, 
and the postural reflex of the exposure light is carried out in an irradiating point This reflected 
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light is equipped with the reflected light pattern on the strength according to the band structure 
of the sample in an irradiating point They find out that fixed relation between the amount of 
wavelength shifts and a stress value is, calculate the amount of wavelength shifts from this 
reflected light pattern on the strength, and calculate a stress value from a wavelength shift while 
these people shift this reflected light pattern on the strength according to the stress generated 
at the irradiating point. Drawing 4 (a) is a schematic diagram for explaining the wavelength shift 
of a reflected light pattern on the strength. In addition, the reflected light pattern on the strength 
is typically expressed with drawing 4 (a). Wavelength shifts the reflected light pattern on the 
strength to wavelength from the pattern shown in a continuous line, corresponding to the 
existence of stress to the pattern shown in a broken line. The shift amount of this wavelength 
shift corresponds to the stress value in a sample part 

[0009] A processing means measures the reflected light pattern on the strength in point of 
measurement, calculates the amount of wavelength shifts from this reflected light reinforcement 
and calculates a stress value or the value corresponding to stress from the amount of 
wavelength shifts by using the above-mentioned relation. 

[0010] A reflected light pattern on the strength is wavelength change of reflected light 
reinforcement can change the wavelength by the side of exposure light or the reflected light 
and can ask for it by detecting the reinforcement of the reflected light to this wavelength with a 
light-receiving means. 

[0011] The 1st mode which makes a wavelength change makes a wavelength change by the 
exposure light side, makes a wavelength change by carrying out a spectrum by the 
monochromator, and irradiates the homogeneous light by which the spectrum was carried out to 
a sample part The wavelength to irradiate can be changed by controlling this monochromator. 
[0012] The 2nd mode which makes a wavelength change does not make a wavelength change by 
the reflected light side, irradiates the light by which a spectrum is not carried out to a sample 
part and makes a wavelength change by carrying out the spectrum of the reflected light by the 
monochromator. The wavelength of the reflected light to detect can be changed by controlling 
this monochromator. Moreover, as other modes, it can consider as the configuration which 
establishes a polarization means, and the S/N ratio of a detecting signal can be raised to an 
exposure light and reflected light side. 

[0013] Moreover, the 2nd gestalt of the stress measuring device of this invention can be 
considered as the configuration which equips a sample with an exposure means to irradiate light, 
a modulation means on a sample to modulate the energy state of the exposure section at least, 
and a processing means to calculate a stress value from a reflected light pattern on the 
strength. The configuration of the 2nd gestalt is a configuration which is equipped with a 
modulation means on a sample to modulate the energy state of the exposure section at least in 
addition to the configuration of said 1st gestalt While the 2nd gestalt of the stress measuring 
device shown in drawing 2 irradiates light from the exposure means 1 at the irradiating point P of 
a sample 2, the modulation means 6 modulates the energy state of this irradiating point P, and 
the processing means 3 calculates a stress value based on the reflectivity pattern which 
detected the reflected light reflected at this irradiating point P with the detector 4, and was 
detected in the arithmetic unit 5. 

[0014] By adding a stimulus to the exposure section from the exterior, a modulation means 
excites a sample part, changes an energy state, and changes a reflectivity pattern by this. The 
reflectance spectrum detected by this serves as a differential signal by the modulation, and can 
remove the effect of a background signal. Drawing 4 (b) is a schematic diagram for explaining the 
wavelength shift of a reflectance spectrum. In addition, the reflectance spectrum is typically 
expressed with drawing 4 (b). Wavelength shifts a reflectance spectrum from the pattern shown 
in a continuous line, corresponding to the existence of stress to the pattern shown in a broken 
line. The shift amount of this wavelength shift corresponds to the stress value in a sample part. 
In the critical point of band structure, the signal showing the fine structure reflecting this 
structure is detected. Detection of a reflectance spectrum can be performed by synchronizing 
the modulated reflected light with the modulation period of a modulation means, and detecting it 
[0015] It becomes irregular by turning an electron ray on and off intermittently, and the 1st mode 
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of a modulation means irradiates this modulation electron ray. By irradiating this modulated 
electron ray to a sample part, the energy state in a sample part changes and the reflected light 
reinforcement reflected by this part changes. 

[0016] It becomes irregular by turning an ion beam on and off intermittently, and the 2nd mode 
of a modulation means irradiates this modulation ion beam. By irradiating this modulated ion 
beam to a sample part, the energy state in a sample part changes and the reflected light 
reinforcement of light reflected by this part changes. 

[0017] The 3rd mode of a modulation means modulates the electric field impressed to a sample 
part by armature-voltage control. By modulating the electric field impressed to a sample part, 
the energy state in a sample part changes and the reflected light reinforcement of light reflected 
by this part changes. 

[0018] The 4th mode of a modulation means is given modulating heat to a sample part. By 
modulating the heat given to a sample part, the energy state in a sample part changes and the 
reflected light reinforcement of light reflected by this part changes. 

[0019] The 5th mode of a modulation means is given modulating an acoustic wave to a sample 
part By modulating the acoustic wave given to a sample part, the energy state in a sample part 
changes and the reflected light reinforcement of light reflected by this part changes. 
[0020] Therefore, it can ask for the detecting signal of the high reflected light pattern of a S/N 
ratio on the strength by establishing said modulation means. Furthermore, the configuration of 
the 3rd gestalt of the stress measuring device of this invention irradiates the exposure light in 
which an exposure means contains different wavelength of at least two plurality in said the 1st 
and 2 gestalt, and a processing means is considered as the configuration which calculates a 
stress value based on the wavelength difference and the reflected light difference on the 
strength between wavelength. While the 3rd gestalt of the stress measuring device shown in 
drawing 3 irradiates the light of the wavelength from which plurality differs at the irradiating point 
P of a sample 2 from the exposure means 1 , a modulation means 6 modulates the energy state 
of this irradiating point P, and a processing means 3 calculates a stress value based on the 
reflectivity for every wavelength which detected the reflected light reflected at this irradiating 
point P with the detector 4, and was detected in the arithmetic unit 5. 

[0021] In the configuration of the 3rd gestalt, the absolute value of stress can be calculated from 
change, its wavelength difference, and said relation of the reflected light reinforcement for which 
asks for the relation between a wavelength shift a reflected light change on the strength, and 
stress beforehand, and it asked on different wavelength. Drawing 4 (c) is a schematic diagram for 
explaining the reflected light reinforcement and the wavelength shift for every wavelength. In 
addition, the reflectance spectrum is typically expressed with drawing 4 (c). Wavelength shifts a 
reflectance spectrum from the pattern shown in a continuous line, corresponding to the 
existence of stress to the pattern shown in a broken line. 

[0022] If the value according the reinforcement of the reflected light measured with the light of 
different wavelength lambdal and Iambda2 in this reflectance spectrum to the wavelength 
lambdal and Iambda2 in front of a wavelength shift is set to R1 1 and R12 and the value by the 
wavelength lambdal and Iambda2 after a wavelength shift is set to R21 and R22 Wavelength shift 
deltalambda is outline deltalambda=(lambdaHambda2) -(R11-R21)/(R22-R21). 
It can ask "Be alike." A stress value can be calculated by asking for the relation between this 
wavelength shift deltalambda and a stress value beforehand. 

[0023] Moreover, the 3rd gestalt can be searched for by measurement on two wavelength of 
wavelength lambdal and lambda2 in one sample part. Therefore, the number of the wavelength 
which irradiates a sample part can be decreased and stress measurement can be performed in a 
short time. 

[0024] With the configuration of this 3rd gestalt, specific wavelength is identified from two or 
more wavelength. The 1st mode which identifies wavelength performs wavelength identification 
by the exposure light side, is equipped with two or more light sources which irradiate two or 
more wavelength at an exposure side, and performs wavelength identification by changing this 
light source. 

[0025] The 2nd mode which identifies wavelength performs wavelength identification by the 



http:/ / www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 



2004/08/12 




reflected light side, separates the reflected light obtained from two or more light which carries 
out incidence to a sample part by the filter or the diffraction grating, and performs wavelength 
identification. 

[0026] The 3rd mode which identifies wavelength performs wavelength identification by the 
exposure light and reflected light side, carries out incidence of the incident light to a sample part 
by time sharing, and performs wavelength identification by synchronizing the reflected light with 
said time sharing. 

[0027] Moreover, the 4th mode which identifies wavelength performs wavelength identification by 
the exposure light and reflected light side, irradiates two or more incident light by whenever 
[ incident angle / which is different to the same sample part ], and performs wavelength 
identification by detecting this reflected light by whenever [ different angle-of-reflection ]. 
Furthermore, in each gestalt of the 1st of the stress measuring device of this invention, and 2 
and 3, it can consider as the configuration which makes exposure light, the reflected light, and an 
electron ray the same shaft top. 

[0028] According to this invention, stress measurement of a minute part is attained by making 
the diameter of a spot of exposure light small, or extracting the modulation field by the 
modulation means, moreover, a spectrum [ in / in the measuring device of this invention / 
samples, such as a thin film, ] — although it is what change of a pattern shall arise with stress 
and measures this stress — the spectrum of a sample — a pattern changes not only with stress 
but with crystal properties including a crystal defect, therefore, the measuring device of this 
invention — the spectrum of samples, such as a crystal property, — it is applicable to 
measurement of the internal state of the sample to which a pattern is changed. 
[0029] 

[Embodiment of the Invention] Hereafter, the gestalt of the 1st of the stress measuring device of 
this invention, 2, and operation of three is explained to a detail, referring to drawing. Drawing 5 - 
drawing 10 are drawings for explaining the 1st and 2 gestalt of this invention, and drawing 1 1 - 
drawing 16 are drawings for explaining the 3rd gestalt of this invention. 

[0030] First, the 1st and 2 gestalt of this invention is explained. In addition, although the 1st 
gestalt is a configuration except the 2nd gestalt to a modulation means and is different in 
respect of whether a reflected light pattern on the strength is measured by reflected light 
reinforcement, or it measures with the differential value of reflected light reinforcement, since it 
can consider as a configuration almost similarly, here explains using the 2nd gestalt. 
[0031] Drawing 5 is an outline block diagram for explaining the 1st example of a configuration of 
this invention, and is an example of a configuration which makes a wavelength change by 
corresponding to the 1st and 2 gestalt and carrying out a spectrum by the monochromator by 
the side of exposure light. In drawing 5 , an exposure light side makes the homogeneous light 
light of the light source 11 which has two or more wavelength by the monochromator 12. and 
irradiates it through the optical system 13 of an optical fiber or a lens system at the irradiating 
point P of the sample 2 arranged on a stage 7. The reflected light reflected at the irradiating 
point P is detected by the photodetectors 41, such as a photodiode and a photomultiplier. 
Moreover, an electron ray is irradiated by the irradiating point P or its near from the source 61 
of an electron ray. The blanking unit 62 irradiates an electron ray from a signal generator 63 
intermittently to the irradiating point P of a sample in response to a blanking signal, and 
modulates the electronic state of the irradiating point P. 

[0032] A photodetector 41 detects only the reinforcement of the reflected light, when not 
becoming irregular. Moreover, in becoming irregular, it detects the reinforcement of the reflected 
light and the differential value of a change of the reflected light by the modulation on the 
strength. 

[0033] After the detecting signal of a photodetector 41 carries out signal magnification by pre 
amplifier 51. it asks for the reflected light reinforcement R by the digital multimeter 52, and asks 
for differential value deltaR of a change of the reflected light on the strength with the lock in 
amplifier 53. In addition, the lock in amplifier 53 takes the synchronization with the blanking of an 
electron ray in response to a signal from a signal generator 63. A computing element 54 inputs 
the reflected light reinforcement R and differential value deltaR, asks for a reflected light 
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spectrum, and calculates a wavelength shift and stress. In addition, in wavelength modification in 
measurement of a reflected light spectrum, the wavelength of the exposure light to a sample 2 is 
changed by controlling a monochromator 12. 

[0034] Moreover, stress measurement of a minute part is attained by making the diameter of a 
spot of exposure light small, or extracting the modulation field by the electron ray. Moreover, as 
a modulation means, in using an electron ray, it is making the sample 2 into the vacua with 
vacuum devices 8. 

[0035] Next, in the 1st and 2 gestalt, two processings in which a wavelength shift is searched for 
are explained using drawing 6 and 7. Drawing 6 is a schematic diagram for explaining the 1st 
processing which searches for a wavelength shift Changing the wavelength of exposure light 
with a spectrum etc. for every point of measurement on a sample, this 1st approach measures 
the reinforcement of the reflected light, compares the reflected light spectrum which asked for 
and asked for the reflected light spectrum, and searches for a wavelength shift. For example, 
when the stress conditions of the point A in drawing 6 (a) and Point B differ, between the 
reflected light spectrums for which it asked on each point, wavelength shift deltalambda as 
shown with the continuous line and broken line in dr a win g 6 (b) arises. This wavelength shift 
deltalambda will correspond to the difference of the stress in both point of measurement. 
Therefore, the stress condition of a sample 2 can be searched for by asking for the reflected 
light spectrum of each point, scanning a sample 2. In addition, the stress value calculated here 
turns into a relative value. 

[0036] Drawing 7 is a schematic diagram for explaining the 2nd processing which searches for a 
wavelength shift By the light of specific wavelength, the 2nd approach asks for the reflected 
light reinforcement in point of measurement, and presumes a wavelength shift from the 
difference of the reflected light reinforcement and the reflected light reinforcement of criteria for 
which it asked. 

[0037] For example, it asks for the reflected light reinforcement RO in the light of wavelength 
lambda 0 in the point C in drawing 7 (a), and as shown in drawing 7 (b), it asks for difference 
deltaR with a reference value R. In addition, a reference value R can be made into the reflected 
light reinforcement in the point of arbitration. The difference of this reflected light reinforcement 
has the amount of wavelength shifts, and a fixed relation, and can presume the amount of 
wavelength shifts from the difference of reflected light reinforcement. For example, in drawing 7 
(c), when a wavelength shift is deltalambdal, the difference of reflected light reinforcement is set 
to deltaRI, and when a wavelength shift is deltalambda2, the difference of reflected light 
reinforcement is set to deltaR2. Therefore, amount of wavelength shifts deltalambda can be 
presumed by asking for difference deltaR of reflected light reinforcement In addition, the stress 
value calculated here turns into a relative value. 

[0038] Hereafter, the 2-4th examples of a configuration corresponding to the 1st and 2 gestalt 
of this invention are explained using drawing 8 - drawing 10 . Drawing 8 is an outline block 
diagram for explaining the 2nd example of a configuration of this invention, and is an example of a 
configuration which makes a wavelength change by carrying out a spectrum by the 
monochromator by the side of the reflected light. In drawing 8 , an exposure light side irradiates 
the irradiating point P of the sample 2 which has arranged the light of the light source 11 which 
has two or more wavelength on a stage 7 through the optical system 1 3 of an optical fiber or a 
lens system. Moreover, in a detection side, the spectrum of the reflected light reflected at the 
irradiating point P is carried out by the monochromator 42. and the photodetectors 41 arranged 
according to part light wave length, such as a photodiode and a photomultiplier. detect By 
carrying out a spectrum by the monochromator 42, a wavelength change in measurement of a 
reflected light spectrum is made like the 1st example of a configuration. In addition, since the 
configuration and processing actuation of a modulation means or a processing means can be 
made to be the same as that of the 1st configuration, explanation here is omitted. 
[0039] Drawing 9 is an outline block diagram for explaining the 3rd example of a configuration of 
this invention, and is an example of a configuration using the specific reflected light by arranging 
polarizing plates 14 and 44 to an exposure light and reflected light side. In drawing 9 , an 
exposure light side irradiates the irradiating point P of the sample 2 which has arranged the 
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exposure light which polarized further the light of the light source 1 1 which has two or more 
wavelength through the polarizing plate 14 through the optical system 13 of an optical fiber or a 
lens system on a stage 7. Moreover, in a detection side, the reflected light to which specification 
polarized the reflected light reflected at the irradiating point P through the polarizing plate 44 is 
extracted, and the photodetectors 41, such as a photodiode and a photomultiplier, detect In 
addition, since the configuration and processing actuation of a modulation means or a processing 
means can be made to be the same as that of the 1 st configuration, explanation here is omitted. 
[0040] D rawing 10 is an outline block diagram for explaining the 4th example of a configuration of 
this invention, and is exposure light, the reflected light, and an example of a configuration that 
makes an electron ray the same shaft top. An exposure light side makes the homogeneous light 
light of the light source 1 1 which has two or more wavelength, and irradiates it on an electron 
ray and the same axle in drawing 10 to the irradiating point P of the sample 2 arranged on a 
stage 7 through the optical system 13 and optical system 15 of an optical fiber or a lens system 
by the monochromator 12. Moreover, in a detection side, the photodetectors 41, such as a 
photodiode and a photomultiplier, detect the reflected light on the electron ray reflected at the 
irradiating point P, and the same axle through optical system 45. 

[0041] By arranging optical system 15 and 45, by being able to consider as the configuration 
which makes exposure light, the reflected light, and an electron ray the same shaft top, and 
considering as this configuration, the irradiating point of light, the reflective spot of light, and the 
irradiating point of an electron ray can be centralized on the point of measurement on a sample, 
and a minute field can be measured. 

[0042] In addition, since the configuration and processing actuation of a modulation means or a 
processing means can be made to be the same as that of the 1 st configuration, explanation here 
is omitted. Next, the 3rd gestalt of this invention is explained. In the 1st and 2 gestalt, the 3rd 
gestalt irradiates the exposure light containing the wavelength from which at least two plurality 
differs from an exposure means, and calculates a stress value in a processing means based on 
the wavelength difference and the reflected light difference on the strength between said 
wavelength. 

[0043] Drawing 1 1 is an outline block diagram for explaining the 5th example of a configuration of 
this invention, and is an example of a configuration which corresponds to the 3rd gestalt, 
switches the exposure light from which the wavelength of wavelength lambda 1 and wavelength 
lambda 2 differs from an exposure light side, irradiates it, and measures the reflected light 
reinforcement by the exposure light of each wavelength. In drawing 1 1 , an exposure light side is 
equipped with the light sources 15 and 16 of wavelength lambda 1 and wavelength lambda 2, and 
the switch machine 17 which switches this each wavelength light and irradiates it, and irradiates 
the irradiating point P of the sample 2 arranged on a stage 7 through the optical system 13 of an 
optical fiber or a lens system. The reflected light reflected at the irradiating point P Is detected 
by the photodetectors 41, such as a photodiode and a photomultiplier. 

[0044] While the flow of the modulation by the modulation means and processing of a detecting 
signal is the same as the above mentioned example of a configuration almost and irradiating the 
light of the wavelength from which plurality differs at the irradiating point of a sample from an 
exposure means 1, the energy state of this irradiating point modulates and a processing means 
calculates a stress value with a modulation means 6 based on the reflectivity for every 
wavelength which detected detector 4, set the reflected light which reflects at the irradiating 
point arithmetic unit 5, and detected it 

[0045] Hereafter, the processing which searches for a wavelength shift in the 3rd gestalt is 
explained using drawing 12 and 13, and explanation is omitted about a common part. In addition, 
drawing 12 is a schematic diagram for explaining the processing which searches for a wavelength 
shift, and drawing 13 is the enlarged drawing. 

[0046] In the configuration of the 3rd gestalt, it asks for the relation between a wavelength shift, 
a reflected light change on the strength, and stress beforehand. Drawing 1 2 shows typically the 
reflectance spectrum (broken line in drawing) in case there are a reflectance spectrum 
(continuous line in drawing) and stress in case there is no stress. Wavelength shifts a reflectance 
spectrum from the pattern shown in a continuous line according to the existence of stress to 
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the pattern shown in a broken line. 

[0047] In this reflectance spectrum, the reinforcement of the reflected light by the light of 
different wavelength lambdal and Iambda2 is set to R11 and R12 on the wavelength lambdal and 
Iambda2 in front of a wavelength shift, and is set to R21 and R22 on the wavelength lambdal and 
Iambda2 after a wavelength shift. Here, it can ask for the reflected light reinforcement R1 1 and 
R12 in the wavelength lambdal and Iambda2 at this time beforehand by making into a wavelength 
shift front the case where there is no stress. 

[0048] In the enlarged drawing of drawing 13 , as the round mark in drawing shows the reflected 
light reinforcement in wavelength lambdal and Iambda2 about a reflectance spectrum in case 
there is no stress shown as the continuous line in drawing, it is R11 and R12. When wavelength 
shifts only deltalambda to this reflectance spectrum, as it becomes the reflectance spectrum 
shown with the broken line in drawing and the trigonum mark in drawing shows the reflected light 
reinforcement in wavelength lambdal and Iambda2, it is R21 and R22. 

[0049] To the wavelength difference of wavelength lambdal and Iambda2, the difference of 

reflected light reinforcement is (R22-R21), and the difference of the reflected light reinforcement 

to wavelength shift deltalambda has the relation which is (R11-R21). Therefore, wavelength shift 

deltalambda deltalambda=(lambda1-lambda2) -(Rl 1-R21)/(R22-R21) — (1) 

It can ask "Be alike." Here, a stress value can be calculated by calculating the value of R11 

beforehand and asking for the relation between wavelength shift deltalambda and a stress value 

beforehand. 

[0050] With this gestalt, since it can ask by measurement on two wavelength of wavelength 
lambdal and Iambda2 in one sample part, the number of the wavelength which irradiates a 
sample part can be decreased and stress measurement can be performed in a short time. 
[0051] Hereafter, the 6-8th examples of a configuration corresponding to the 3rd gestalt of this 
invention are explained using drawing 14 - drawing 16 . Drawing 14 is an outline block diagram for 
explaining the 6th example of a configuration of this invention, and is an example of a 
configuration which irradiates the exposure light of two or more wavelength from an exposure 
side, and separates only specific wavelength by the filter and diffraction grating by the side of 
the reflected light. In drawing 14 , an exposure light side irradiates the irradiating point P of the 
sample 2 which has arranged the light of the light source 1 1 which has two or more wavelength 
(wavelength lambdal and Iambda2) on a stage 7 through the optical system 13 of an optical fiber 
or a lens system. Moreover, in a detection side, wavelength separation of the reflected light 
reflected at the irradiating point P is carried out by the filter or the diffraction grating 46, the 
photodetectors 41, such as a photodiode and a photomultiplier, detect, and it asks for a 
wavelength shift and stress based on relational expression, such as said formula (1). In addition, 
since the configuration and processing actuation of a modulation means or a processing means 
can be made to be the same as that of the 5th configuration, explanation here is omitted. 
[0052] Drawing 1 5 is an outline block diagram for explaining the 7th example of a configuration of 
this invention, and is an example of a configuration which carries out time sharing of the 
exposure light of two or more wavelength, irradiates it with the time-sharing vessel 18 from an 
exposure side, and processes a detecting signal to a reflected light side corresponding to said 
time sharing. In drawing 15 , an exposure light side irradiates the irradiating point P of the sample 
2 which has arranged the light of the light source 1 1 which has two or more wavelength on a 
stage 7 through the optical system 13 of an optical fiber or a lens system while switching 
wavelength by time sharing. Moreover, in a detection side, the photodetectors 41, such as a 
photodiode and a photomultiplier, detect the reflected light reflected at the irradiating point P, 
and it asks for correspondence with reflected light reinforcement and the wavelength of 
exposure light based on the time amount of time sharing, and asks for a wavelength shift and 
stress based on relational expression, such as said formula (1). In addition, since the 
configuration and processing actuation of a modulation means or a processing means can be 
made to be the same as that of the 5th configuration, explanation here is omitted. 
[0053] Drawing 16 is an outline block diagram for explaining the 8th example of a configuration of 
this invention, and is an example of a configuration which identifies wavelength by irradiating two 
or more incident light by whenever [ incident angle / which is different to the same sample 
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part ], and detecting this reflected light by whenever [ different angle-of-reflection ]. In drawing 
16 , an exposure light side irradiates the light of the light source 1 1 which has two or more 
wavelength at the irradiating point P of the sample 2 arranged on a stage 7 through the optical 
system 13a and 13b of the optical fiber arranged in a different location, or a lens system. 
Moreover, in a detection side, the photodetectors 41a and 42b which have arranged the reflected 
light reflected at the irradiating point P to the angular position corresponding to whenever [ each 
angle-ofHncidence / of optical system 13 ], such as a photodiode and a photomultiplier, detect, 
and from the relation between an angle of incidence and angle of reflection, it asks for 
correspondence with reflected light reinforcement and the wavelength of exposure light, and 
asks for a wavelength shift and stress based on relational expression, such as said formula (1). In 
addition, since the configuration and processing actuation of a modulation means or a processing 
means can be made to be the same as that of the 5th configuration, explanation here is omitted. 
[0054] Although said example of a configuration shows the example which used the electron ray 
as a modulation means, the physical irritation to which the electronic energy condition of sample 
parts, such as an ion beam, electric field, light, heat, and an acoustic wave, is changed can be 
used. Drawin g 17 - drawing 19 are drawings for explaining other examples of a configuration of a 
modulation means. 

[0055] Drawing 17 is an example of a configuration which uses electric field as a modulation 
means. As a configuration which impresses electric field to a sample 2, an electrode 64 is made 
to approach a sample part and it arranges, and according to a power source 65, an electrical 
potential difference is impressed to an electrode 64, and electric field are formed between an 
electrode 64 and a stage 7. By this, electric field are impressed to a sample part 
[0056] Drawing 18 is an example of a configuration which uses light or heat as a modulation 
means. A stimulus of the light by this laser light or a stimulus of the heat by laser light is given 
using the laser light source 66 as a configuration which gives light or heat to a sample 2. Drawing 
19 is an example of a configuration which uses an acoustic wave as a modulation means. Using 
an ultrasonic vibrator 67 and its driving source 68 as a configuration which gives an acoustic 
wave to a sample 2, vibration by the ultrasonic vibrator 67 is told to a sample part, and a 
stimulus of an acoustic wave is given. In addition, in order to transmit an acoustic wave to a 
sample part, a liquid is made to adhere to a sample front face, and it can consider as the 
configuration to which an ultrasonic vibrator 67 is contacted into this liquid. 

[0057] in addition, the spectrum produced in samples, such as a thin film, in said each example of 
a gestalt and example of a configuration of this invention which were carried out — although 
measurement of change of a pattern is performing stress measurement — the spectrum of not 
only stress but a sample — if a pattern is changed, it can apply similarly, and it can also apply to 
measurement of internal states of a sample, such as a crystal property including a crystal defect. 



[Effect of the Invention] As explained above, according to the stress measuring device of this 
invention, the stress of microstructure can be measured with high spatial resolving power. 



[Translation done.] 



[0058] 



http://www4.ipdl jpo.gojp/cgi-bin/tran^web.cgi.ejje 



2004/08/12 



ii9)B^m^ffjr (J p) (12) ^ Ifl ij^ 1^ ^ ^ (A) 



#^^11-295159 

(43)^raB ¥«11^(1999)10^29B 



(51) Intel.' mmn 

GOIL 1/00 
GO IN 21/27 

21/65 

21/88 



F I 

GOIL 1/00 
G 0 1 N 21/27 
21/65 
21/88 



msm» m^mtofks ol (± lo m) 





$fH¥10 -97530 


(TDffllSA 


000001993 










(22)mgiB 


Jpj«10#(1998)4^9B 










(TDUJiSA 


598047269 
















:R«»;ilS*fllft#H2TB 3 -29 






(71)aKA 


598047270 








«^ HE 














(72)«lH« 










WjS«;ii»«»m«iJUT^^ji38o- 1 «c 



























(54) ie;A«!|^B 



(57) {mm'i 



A 




(2) 



1tB8¥ 1 1 -29 5 1 5 9 



[000 1] 

[0002] 

[0 0 0 3] i|iSI<*x/'^^'x^c*5^^T, *S;^SiJ«*i2SS 
t-r^eififctTti. fci:^ii"LOCO S«3i'^hU'> 

[0 0 0 4] -flSfc. ^S/hfiliafcDJS;^)^^^^-^??^ 

[0 0 0 5] 

[0 0 0 6] 



[0 0 0 7] :i^^m<o!t^tlmmmm<om I (ommii. k 
[0 0 0 8] mm^mt. un±<Dmmmc^^mm-r 

So C(ORmmi. S^*f^tc*3ltS^I4<7)/^>H1g3g{c: 
lSC/cSW^?fiS''-^^->'^{i^So :*:tbiSA«, C(D 

«r*i6So 04 (a) iiKmmim^^^~y(Dmmiyy 

h*l«^-rSfci60«(6^T-feSo ^*5. 04 (a) T* 
aS*fJt?fiS-'^:S'-i^«r«SeWti:«bTi,^S, iSgtcJ^ 
•rSK*f)tt^«/<^'->». J«;:^oW^»<:jSCTffiJ^{* 

cr)fS;'3liiti:5tiff5-rSo 

[0 0 0 9] iiQa^aii. SiM^Sk:fettsgS*^3ftfi/i 

mib. ±timm^m^^^ct.icj;:-:>xmmi^ybmi)^^ 
^>.ijm$> S V H4fS:^M]cSffl**i6 So 
[0 0 10] S*f^3fiS/^^->{4S«3^3SficOigg'S 

[0 0 1 1 ] mm^w^nvmi commiimmm\r'i& 
oT> fia*frs«s*^s-rsci:*«T'*So 

[0 0 12] i8IS^M«rfT3lg2<0^f4SS*3t<8!lTiS 
TjgS^M^tT^o il©^:y^'n;»<-^«r$ijffll-rs<lf: 

CJ:^T> i^mf ss««o»g^^M-rsci:*^-??t 
So $fc, m<DmmtLT. mmytmRus.m^mi,cm 

[0 0 13] ^fc. *%9^<DjS;'3!iJ^SB0^2 0J^«l 

(4. Kil^tcJt^MW-rsMI^^Si:. Ki|s4±©'>* < i: 
feB8*fei5<^>x:^;;l/4^-t^«8%^ii-rs^Sl^m4:, SI* 

^ - i^*^ p> JS:^ffl*S^i6 S Sas^S i: S 



(3) 



!f$M¥ 1 1 -295 1 59 



© 3 imm^!^ p bfcs*t^^^m§g 4 v^ta 
[0 0 14] ^m^ma. mmmcnm^^mm^fia^ 

•t^ctti^Xt^o 114 (b) «S*fX'^i' b;KDiS* 
(b) T-«S#tX-?^' h;l/JSr«^Wtc«bTV^So S« 

T^^tB-r S c t J: o TtT ^ c i: *^T' ^ So 

CO 0 1 5] mm^m(om 1 ©^ast*. «?m8iff^ff5 

W-r S c i: J; o TSSmffi-ptOx^yW^^^-tfcfild^^lt 
L. KgPffit?SI*t-SS*f^5S^*^^{t-rSo 
[0 0 16] ^i^¥S(0^2cOffi1tti. ■Ys}-:/tf-A^ 
tBr^Wtc*:/*7-rS<: ttCfcO^HL. C(Dmm-<^ 30 

-i^^^mifit B^^-r s c i: o Tiam{)iT-ox 
SA^^ik-rSo 

[0 0 17] ^i)l#©©^3<ofi|«{i, 

TimgpffitcBiftp-rsBw^^is-rsfeto-efeSo iS3i^ 
[0018] mm^m(om 4 ^st^mc^^ « 

So 

[0 0 19] ^iii^©o^5(^)^««. fm^isnc^m 
■rso 

[0 0 2 0] {^fctf^-ox. mt^um^WL^m^^ct\c so 



3 cD}^ft|(D«fiSt{i. HiJie^i. znmmicisi^r. 
fiS*f¥©ti'>^ < i: t 2 O(DlgiSc0S^Si£fi^#tyB9 

m 3 K7n-rii&timmmm(Dm 3 (Dmmit. mm^m 1 
ess*? 2 <DM*f^ p icmm(Dm^^ms<oyt^mmt^ 

mm^m 3 t±^M*f;^ p x-st* Lrcs.myt^^ 
as^A'vmmL. »wmm5ic^\.^xmmLrcmmmo:) 

[0 0 2 1] f^3(Dmm(omi^icCtoh^x. ^^-yyht 
^^yt^mmt tfS'tlt(D^sm^&^i}^Cib^ibXi3 

i:WI2K«*^&r£;;'3CD*e«fii***bSCi:A<T'^So S 

4 (c) immm(OM.myt^m&rjmmi^y h^mmt 

SfcAWftiaSEJ-pfeSo **5. 0 4 (c) ■ptiSttX'^ 

^ h;l/^Miea*)t^UTv^So StJx^^h;Wi, )S;'3 

[0 0 2 2] cl£DS*fX--?^' h;Uc:fe</>T^ S^SlSM 
A 1. A 2(D)ieT'jiML/-c:SM^©3Sfi^^ iS^fii^7 h 
tdOffiSAl. A 2(C<fcSM*R 1 1 . R12i:UiS 
h^tD&SA 1 . A 2(Cj;Sfii*R 2 1 . R22 

AA=(A1-A2) • (R 1 1 -R 2 1) / (R 2 2 
-R 2 1) 

^i:cfcoT5Ri6Sci:7b^-e^So cojg^gi:^^ h A A tfS 
;^<B«r5fi*!)S c i: *^t?* So 

[0 0 2 3] $fc. m3<Dmmii. 1 OCO^mffitC^S 
(/-"TiS^g A 1 , A 2 CD 2 OiO&ST'(DSiJ^-C5R46S C 
*<T#So LfcA^cT. iSils^glSffilcMtJ-rSiS^ScOffllS 

*^-t?tSo 

[0 0 2 4] co:>m3(Dmm<om^X't,t. m.m<ommA^ 

5 c i: »c J; o x'l&^m^^Vrr>o 

[0 0 2 5] KS^|W|^-rSli2 0®fiia, Stt^ffiT* 

[0 0 2 6] jgs^iRi^-rsmscoji^ti. mmmm. 
[00 2 7] m.Si^m^-t^f^A<Dm^mi. mm 



(4) 



^mW- 1 1 -2 9 5 1 5 9 



*f)ie^s^ ^ss^ft ar-i^m-r c i: tc J: TissiB)^ 
[0 0 2 8] *fgH^(c<knts. hs^/jN 

[0 0 2 9] 

■rSo la 5 ~ia 1 0 «*^H^(0^ 1 . 2 (^f^ftg^&UJB^-r 20 

[0 0 3 0] {ii;46fc. :^^m(omi. 2o:>mm\c-^^^ 

[003 1] la 5 i±:^^nM<om 1 O^fiKfiflJ^i^B^f S/t 

miSL<Di&^^^-r^ytmi icoyt^^/->api~^ 1 2 

6 2«, «^^3Egg6 SA^e-^^^^^^/fi^^^tt 40 
[0 0 3 2] ^^m§§4 Hi, ^ii^fTt);^!/ ^li^tcti 

[0 0 3 3] ?t«^aiS§4 l(D^ai<§^«, rU7>7'5 

1 Tm^mmLfc^. 'fi>^)\y^)\y=9-i—^ 5 2 -pss* 



iBiJ«{i:*5it5iSSieHt?a, t/^'D^-^f 1 2*$iJ8li 

•r ^ C t {C J: -3 TS$« 2 ^cosss^ jieco ffig^^M-r 5o 
[0 0 3 4] tfc. Si»ye©;^4<-y hS«r'jN* < b/-c 

?i^^ffli/-5it-^tc«, Ki|s42^*^S@8(cJ;oT» 

[00 3 5] -Jk\^. ^1. 2<OJ^^li:*3t/''T. 
h*jRi6^2 0©MfI(C0l/^T, ^6, 7;£rffl^^TI^^B^ 

i65t>tDT-^^o /ci;;l(f, 116 (a) ^<D^k\iik^ 

)\^mc\t. lae (b) 'ticD^^st>'®i^T-^-rj;a^& 

SiX^ h A A CSo C h A A 

[0 0 3 6] 07t±&5'>7 h«:*i6S^2<OSaa«:iii 

[0 0 3 7] retail. m7 (a) ft'O^CtCfeVTift 
SA0(D)tTcDK*t)^3S]eR0*5Rl6, 1217 (b) fc^s 
■r.fc9tc, aipfflRi:£0gAR^*i6«o 'ftis, 
R{iejg©jS5TOSS*?t?fiSi:-r«cfcA^T'#«o c:<0 

«o EI7 (c) K^oV-vT. igg->7h*^AA 1 

T-feS^^(c«SS*^3aS[cOMaAR 1 fc^t), $fc, 
m&i^y hA^A A 2-efeS^-&(C{4Rtt)t?Sfi(OM«A 
R2f::^5o b/SA^oT, K*tJl£5Sffi(DllA R«r5l?J6S 
ci:fcJ:-5T. hSA A;&tiSf 5<;i:A^t?# 

[0 0 3 8] WTs EI8~ia 1 0^fflV>T*5gB^<DM 

1 . 2 (Dmm^c^^.T!s>m 2 ~ 4 «o«ifiKPtcov^Ti{iw 

•rSo ia8«*^B^(Dm2 0ltfiK^J^Itt^-r.5fc*t)CDM 

^ytyT^/'i—>p]yyx^<Dyt^^i3^'nLx. xx 



(5) 



1 1-295159 



i3{t5jSS^M^?T9o 'Sis. ^iS#g:-^5aJl¥S:<o« 
[00393 la 9 ti^MS^tOH 3 omt^lJ^rUiB^-r « fc io 

[0 0 4 0] mi oit.:$i^m(Dm4(omi&m^mm-r^ 
rc4i)(o«pis7n-y^ia-efcOs mm^. ^m^t. Rum 

?iiS*l»)-tt±i:-r««figflffJf fcSo Ell 0fc;fev^T. 

XISO^^^l 3RUi^^J^l 5*/rbT> Xx-i^7 

± (c ES b fcMif^ 2 CO fiStt^^ PlcMLTS?^i;l5|fft± 

[0 0 4 1] 7t^?Sl 5. 4 S^EB-rSCtJcd;^ 

[0 0 4 2] ^fc. ^m^m^pmmmmcomiii.RUi&m 
cr'<Dmmi^mir^o :^tc, *fgg«©^3®^«{co 

m^yt^mmu i&m^mc^i^^x. mmmmz'<Dm 

[0 0 4 3] mi H±*SIW(Om5<D«figflJ;&IM^-rS 

A A= (A 1 -A 2) • (R 1 1 -R 



wi^^^m^mv&^o m i i tc^si^r. mmmm. 
}&mx I tmmxznytmi 5. i ei:. KSiss^t^r 

— VUyXSSOJt^JS 1 3^/fbT. ;^x-i^7±(cS2 

[0 0 4 4] Sll¥©fc<i:«.^ii^ RO'^ltBit^cDffia 

[0 0 4 5] felT. mSOmi^fCfet^T. iS«'>7h«- 

^i6^mmic-o\.>rmi 2, 1 3^ffl^/^TU^^^u «j1 
mi 3ii^(omizmr'&^o 

[0 0 4 6] ^3 0J^ft|0«fiSc{C*3l.>T. ?SS->7hi: 

<o 01 2«{S:^!b<!S:(/-'«^£DS#tX'^^ (latfo 

[0 0 4 7] cosi^X'^i' ^;^^cfcv^T.. s*5&s 

A 1. A 2©)tlc*SKWJ1fi05Sfta> SS«'>7ht9© 
iSSA 1. A 2T{iR 1 1. R 1 2i:*t>, iSSS'^ h 
^OKSAl, A2-e«R2 1, R2 2i:^5oCC 

»«A 1, A 2-pcDSW?te3SlifR 1 1. R 1 Z^h^tf 
[0 0 4 8] 01 3COU.XWc:)8\^-^r. S^^COll^-e^ 

■rjtS:^*<*v>it^<DS*fX'^^ h/I/^i:•o^,^TiS6A 1. 
1, R12f$.So COS^fX'^^' h^Uci-fUTiSgA' 

A A/-at'>7 h-rsi:. 0'4'o5Sii^T^-rs»tx^i' h 

;Ui:^0> ffitSA 1 . A 2 T'<DS*t?t?SS«^ 0(f©= 
^EnT'^-r.fc'P^C, R2 1, R2 2X'&^o 

[0 0 4 9] KSA 1 t A 2co&SM(cJ\fLTSI^^?i 
S<OM« (R22-R2 1) -efeO. jgS->7 h 

A A tC>l^-r-5S*f?t5SS<OM« (R 1 1 - R2 1) 
^^^fcfeSo b/-c*^oT. iBlEg->7 h A A(i, 

1) / (R22-R2 1) • • (1) 



(6) 



11-295159 



10 0 5 01 CiOmmTli. 1 O<0K»g|5ffi^i::tel,^T^S^ 

[0 0 5 1] t<T, E 1 4 -EI 1 6 «rfflV'T2|!:%W<D^ 

3 (Oj^^itcWJS-r?.^ 6 ~ 8 O«^flJtCOV^Ti«0^-r 

fi. (i^gAl. A 2) ^mf^ftmx 1<D 

)t**77i'A-J?>I-'>XlS<03t^lSl a^r/t-LT, X 

(1) m<^m%^\^m-:3\.^x'im.t^-7 V . Ru^titi^m 
coijjH^ij:#R§-r;So 20 

[0 0 5 2 ] 0 1 5 {i*^B^£0^ 7 <75^fiicP^g«W-r5 

mv&^o mi 5ic*5v>T, mmtomm^ 

7±tcBBgb/c:iSS|^2£Dfig*t^P{cgg*f-r5o Sfc, «l 
K^7* h-7;l/^y^f'-VI|cDJt^^m§§4 1 T'<ttbL. so 
©«JS««4i>> tSfgiC (1) ^£0M^StcS-:5v>Tifig 

x^^tzib. ccx(o^mi>t'^f^-r^o 
[0 0 5 3] mi 6i,i:!^^m<om8cr)mis.m^mm-t^ 

Mmxmm-r^c tici:-:,xmm(^m^^nomi&mx' 

r-r-";— ^U>XlScO^^^ 1 3 a. 13b^^>LT, 
Xr-i/' 7 ±{C@2« L/cKiP4 2 P tCfi^fl^-TSo 

isi 3o«AS*^isfcjt;rv-r«ASfflBK:BBebrc7* 

h^-<^-K-^7:i- hv;l/9^7''9-ri'^©?t^W§g4 1 
a. 4 2bT*«aL, Attft&r>*S*t^<Dg|0^*^e., S 
«)t?i«fcB8MJt©Kfii:om«r^46, Mi2S (1) 



10 

[00 5 4] mim^mxit. ^m^mt Lxm.'f-m^ 

3t> SSi. gig^OSSi|^SI5fflOS?x*;l/:^:-ttJII* 

^^t:^■y■SM6*I»^fflV^SCi:A^T$-5o 01 7- 

0 1 9i,mm^mff^m<Dm^m^mm-t:&rctb(omx;^ 

[0 0 5 5] lai 7(i:^iS¥-ei; LT«l?^fflV^-5«^ 

mxh^c unzicm^^mat^m^tLx. mme 
4^un^mcm}5.-^^xmm\^. mme 5i,c^-:,xm 

[0 0 5 6] 0 1 8«4i£ia^Si: bT)t$.;5l/HiS»*ffl 
SI 9ti^ii¥©i:LT^!S%fflv^5«fiK^JTfe-5„ IS 

n2ic^m^^x:^mmtLxm^i&mm^6 iru^ 
mmsucBi^xsmo:>mm^^x?>o **5. ^m^tm 

[0 0 5 7] ts.^. Mf2Lfc*SIB^cD§}^ftg«ajSt;«fiSt 

wm^<mm\zMmt:!k, c ti>x^^o 

[0 0 5 8] 

Lm 1 ] :$immcoit^timi^mm<om i <o^m^mmt^ 
rcuxommmx&^o 

[El 2] :^¥tmo:)t^-:fjmimmm<om2<omm^f^mt^ 

[0 3] :^¥sm(DsBtiwimmm<om3<oBm^mmt^ 
rcit>(omf&mx&^o 

[04] KWx--?^ h;i'(Dm&'>y h^mm-r^rzibo^ 
[0 5] 2|s:%woM 1 (om^m^mmt^rcttxomi^f 

a 'y^mx^^o 

[06] h«rS?i6i.m 1 ©SaS^rlttW 

[07] :i^mmmmi^y h^^ib^mz(omm^mm 
•t?>rzib(ommmx&&o 



(7) 



1 1-295159 



11 

[0 9] :^^m(om3(omf&m^mm't^rci6(Dimr 

fay ^mr^s>^o 

m 1 3] ^^mmommiyy h^j^i6^mm^mmt^ 
ciai 5] ^mm(om7<Dm^m^mmT^rcii>(om.m 



12 

CEi 9] :^^m(o^mic^:^^m^m^mm'r^rcit> 

10 SHs 11. 15. \6'"^m. 12. 4 2--^y^n 
13. 15, 4 5--7t^l^. 14. 4 4-ii)t 
1 7-^l9^^§§. 1 8--^^giJ§§, 4 1--:)t«ia 

;l/*7;b^p<— 5 3 ■•n^>^^>^r:^7'. 5 4 --illS 

6 1 -a^jiaj®. 6 2 •if-A':r^>'4^>^n-^y 
6 3 - -{i-^fg^§§. 6 4 6 5 " mm. ee 



[IS 2] 



[04] 




(a) 



(b) 



(c) 



Al A2 




UK 



(8) 



11-295159 



[053 



[116] 





(b) 




[^73 



(a) 



(b) 







C 









xO 



AO 



xO 



(c> 



AA2f— i 
AO 




(9) 



1 1-2951 



[|S9] 



m 1 0] 





1 3] 



[IS 1 1 ] 





R11-R21 



1 4] 





«*»;ili5rUrta^B2Ti 3 -29 



